The effect of changing one aspect of diet needs to be considered within the context of total diet. The study aim was to evaluate the changes in children's overall food intake following replacement of regular-fat with reduced-fat dairy foods. SUBJECTS/METHODS: Secondary analysis of a cluster Randomized Controlled Trial where families were received parental behavioral nutrition education to change to reduced-fat dairy foods (intervention) or reduce screen time (comparison control). Food intake was assessed via multiple 24-h recalls at baseline, week 12 (end of the intervention) and week 24. Participants were parents and their children (4-13 years, N ¼ 145) who were regular-fat dairy food consumers. The intervention effect was based on mixed model analysis adjusted for covariates, and baseline food intake. RESULTS: At week 24, total dairy servings per day were similar between groups and servings of reduced-fat dairy foods were higher in the intervention group (0.8 servings per day 95% confidence interval (CI) 0.5-1.1, Po0.0001). Fruit intake was higher in the intervention group (0.5 servings per day 95% CI 0.02-0.9, P ¼ 0.040), with no other statistically significant differences in food intake. In the intervention group, the contribution of core food groups to saturated fat intake was 45% at baseline and 31% at week 24, with 'extra foods' being the largest contributor to total energy (28%) and saturated fat (40%) intake at follow-up. CONCLUSIONS: Changing children's dairy food choices to reduced-fat varieties did not adversely affect overall food intake. Replacing energy-dense foods with nutrient-rich foods should be the focus of interventions to lower in saturated fat.
INTRODUCTION
Promotion of reduced-fat dairy foods is common in interventions to lower children's saturated fat intake. [1] [2] [3] [4] [5] Studies in adults also suggest that dairy foods may have a role in moderating energy intake, weight gain and overweight. In adults, increasing dairy food intake in conjunction with energy-restriction, is positively associated with weight loss. 6 This may be via a number of mechanisms involving calcium, dairy protein and effects on satiety. 7, 8 Similarly in children and adolescents, cross-sectional, prospective and intervention studies suggest that increasing dairy food intake is associated with a beneficial (that is, lower or reduced) or neutral effect on body weight. 9 Studies to date exploring the impact of dairy foods on energy intake and body composition have tended to focus on the effect of low or high dairy food consumption, without specifically considering the type of dairy food with respect to fat content. 9 However, in an analysis of National Health and Nutrition Examination Survey (NHANES) data (1999) (2000) (2001) (2002) ) O'Connor et al. 10 found no association between type of milk consumed and body mass index (BMI), whereas LaRowe et al. 11 analyzed the 2007 NHANES data and found that high-fat milk consumption was associated with a lower BMI in 6-to 11-year olds, but not in 2-to 5-year olds. These studies highlight a paucity of data on the role of reduced-fat dairy foods in moderating energy intake or body weight.
Reduced-fat dairy foods are lower in energy density than regular-fat varieties. Theoretically, adopting reduced-fat dairy foods may lead to a reduction in energy intake. For example, replacing two serves of regular-fat dairy (8.5 oz (250 ml) milk and 1.4 oz (40 g) cheese) with two serves of reduced-fat or low-fat varieties could reduce energy intake by 327-592 kJ. In a recent study, advising parents to replace children's regular-fat dairy choices with reduced-or low-fat varieties achieved the intended aim of reducing children's saturated fat intake. 2 At follow-up, the intervention and comparison groups had similar nutrient intakes. However, despite the lower intake of saturated fat in the intervention group (difference À 3.3% (95% confidence interval (CI) À 4.6, À 1.9), Po0.001), there was no significant difference in energy intake between the two groups at follow-up ( À 195 kJ (95% CI À 772, 383), P ¼ 0.504). This raises the possibility that the intervention group adjusted for the lower energy density of reduced-fat dairy foods with increased intake of other foods. We hypothesize that this may be due to changes in food intake in response to the reduced energy density of reduced-fat dairy foods.
Children do not eat foods in isolation and changing one aspect of diet rarely occurs without changes in other aspects of food intake. This is particularly pertinent for foods, such as reduced-fat dairy foods, that are lower in energy density than their regular-fat varieties. The impact of dietary advice needs to be considered 1 within the context of overall diet. Without assessing total food intake, it is unclear whether the intended change/s was achieved and whether there were any unintended consequences. Although evaluation of a dietary intervention may include assessment of energy or nutrient intake, it is less common to evaluate broader changes in food intake. This study aim was to undertake secondary analysis to evaluate the impact of changing children's dairy food choices, in terms of fat type, on children's total food intake and examine the contribution of dairy foods to energy and fat intake relative to other food groups.
MATERIALS AND METHODS

Study design
This study is a secondary analysis of a 24-week cluster randomized controlled trial, the methods and primary outcomes of which are described in detail elsewhere 2 but are summarized briefly below. Families were randomized after baseline assessment to one of two study groups. The intervention group targeted a change in children's dairy food choices from regular-fat to reduced-or low-fat varieties. The comparison group targeted a non-dietary behavior; reducing children's screen time. Families attended a clinic for assessment at baseline, end of intervention (week 12) and follow-up (week 24). Parents also attended three 30-min intervention appointments, approximately 1 month a part. Children's attendance at these sessions was allowed but not required. 
Intervention description
Parents in the intervention group attended behavioral nutrition education sessions, which were based on social learning theory 2 and delivered by a research dietitian. Parents were asked to change the dairy foods they purchased for the family and offered to their children (that is, replacing regular-with reduced-or low-fat varieties). Parents were guided through a standard written intervention booklet that addressed the following areas: the importance of dairy foods for children's growth and development, dairy foods as a contributor to children's total fat and saturated fat intakes, current recommendations for the consumption of reduced-fat dairy foods for children, monitoring and goal setting, making change as a family, overcoming barriers to change. The booklet also included an extensive pictorial and label reading shopping guide of appropriate reduced-and low-fat dairy products available in supermarkets. Parents set individualized goals for change based on their children's current dairy food intake.
To ensure study contact and process was similar between the intervention and comparison groups, parents in the comparison group also received individualized advice, delivered over three sessions by a research dietitian, about reducing children's screen time. Parents were encouraged to replace screen-based activities with other sedentary activities such as drawing, reading and board games, to try to avoid an increase in physical activity.
Study measures
At each clinic assessment, children's dietary intake was assessed via three 20-min 24-h food recalls conducted by a research dietitian who was blinded to study group allocation. Parents/caregivers were the primary source of recall for children aged 10 years or less, with clarification sought from the child where appropriate. Children aged 11-13 years were the primary source for their own recall, with assistance from the parents/ caregivers. The first recall was conducted face-to-face, followed by two telephone recalls. The three recalls were scheduled within a 7-day period, and included one weekend day. A three pass, 24-h food recall protocol was adapted from the 2007 Australian National Children's Nutrient and Physical Activity Survey 12 and is a well established and validated dietary recall methodology. 13, 14 Food model booklets that were adapted from the United States Department of Agriculture's Food Model Booklet 15 were used to assist with portion size estimates.
Food and beverage intake was entered by a research dietitian into Foodworks Professional (version 6.0, 2009, Xyris Software Pty Ltd, Brisbane, Queensland, Australia). Mean energy, nutrient and food group intake was estimated using the 2007 Australian food composition database (FSANZ, Australian food, supplement and nutrient database for estimation of population nutrient intakes, AUSNUT 2007, Canberra, Australia). Food group categories and servings were based on the Australian national food selection guide, the Australian Guide to Healthy Eating, which defines food as 'core' or 'non-core' depending on potential to contribute to a nutrient-rich diet. 16, 17 The 'core' food groups are: fruit (with a maximum of 125 ml of 100% fruit juice); vegetables (including non-fried potatoes and legumes); breads and cereals (assuming 50% whole grain); lean meats and meat alternatives (excluding processed meats); dairy foods (regular-or reduced-fat milk, cheese, yoghurt and custard); and water consumed as a beverage. Non-core or 'extra foods' are defined as those not essential to meet nutrient requirements and contain excess fat, added sugar and/or salt, 16 and include items such as sweet biscuits and cakes, ice cream, pies and pastries, potato chips(crisps) and other savory snack foods, takeaway foods such as hot chips, confectionary, chocolate, soft drinks and fruit-juice drinks. A sugary drinks subgroup (including soft drinks, cordials and fruit drinks) was also created. Changes in the food supply resulted in a number of foods, which do not meet the 1994 definition of either a core or non-core food (for example, core foods with added fat, sugar and/or salt, such as high-sugar breakfast cereals, coated meat products and creamy pasta dishes). So that total diet was captured in the food intake analysis, these foods were captured as a 'modified core' category.
A single measure of height and weight of parents and children were collected at baseline, repeated for children at week 12 and 24. Participants were weighed using digital scales (model AMZ14; Mercury Digital, Tokyo, Japan) and measured using a stadiometer (Seca, Hamburg, Germany) while lightly clothed without shoes using protocol and consistent with international standards. BMI was calculated (weight in kg/height in m 2 ). Parents/caregivers weight status was classified using the World Health Organization definition. 18 For children, BMI was converted to a z-score, adjusted for age and gender using the least mean squares method. 19 At baseline, parents were asked questions about their age, marital status, highest level of education, employment status and estimated household income to define the sample characteristics. Child gender and date of birth were also recorded.
Statistical analysis
To account for clustering of children within families, the sample size calculation assumed that B40% of families had two or more children with an intracluster correlation coefficient of energy intake within families of 0.37. 20, 21 A sample size of 154 was powered to detect a 5% change in proportion of kilojoules as saturated fat from dairy foods, Po0.05 and 80% power.
Analyses were performed using Predictive Analytics Software (PAWS, Version 18.0, 2009, IBM, Chicago, IL, USA). The main outcomes were food group servings per day. Data were examined using histograms, means and cross-tabulations and were considered normally distributed. Descriptive analyses used mean ± s.d. for continuous variables and frequency and percentages for categorical data. All analyses were undertaken according to original allocation to study group and regardless of session attendance. Independent samples T-tests were used to examine baseline differences between groups.
Clustering of children within families violates the assumption of independence, and therefore multi-level analytical techniques were employed to adjust for this design effect and potential confounding. 20 Group differences were compared using maximum likelihood mixed models, with group as a fixed effect and adjusting for clustering, baseline measurements and the following covariates: child age, gender and baseline BMI z-score; family income, parent highest level of education and parental BMI; child's baseline energy intake (where relevant) and baseline intake of dependent variable. Statistics are reported as an estimate (that is, the adjusted mean between group differences with the intervention group as the reference group), CI and P-value with significance set a Po0.05.
RESULTS
A total of 93 families (145 children) were randomized with 137 children having complete data at week 24. At baseline, the mean child age was 8.6±3.0 years, 60% were male and 68% were categorized as normal weight status. Parents tended to be female (87%) and living as married (72%). In all, 57% of parents had a university qualification and 50% were overweight or obese. Demographic characteristics did not differ by study group. 2 Children in the intervention group had a lower percentage of energy from saturated fat (15 ± 3% vs 16 ± 3%, P ¼ 0.027) and a higher percentage of energy from carbohydrates (48±5% vs 47±6%, P ¼ 0.026). Baseline protein (16±3% vs 16±2%, P ¼ 0.139) and energy intake (7868 ± 1551 vs 8245 ± 1782 kJ, P ¼ 0.175) did not differ between study groups. 2 Baseline intake of core dairy foods (that is, milk, cheese, yoghurt and custard) was similar between groups (1.6±0.9 vs 1.5±0.8 servings per day, intervention and comparison group, respectively) and consistent with the study criteria, children's intake of reduced-and low-fat dairy foods was low (0.3±0.4 servings per day in both groups). Fruit intake was within recommendations (1.9 servings per day in the intervention group vs 1.5 servings per day in the comparison group, P ¼ 0.014). The mean servings for all other food group categories were similar between groups. Mean servings per day of vegetables, breads and cereals and dairy foods were below recommendations and mean extra food intake was in excess of recommendations (data not shown).
At week 12, children in the intervention group consumed 1.0 servings per day more of reduced-fat dairy than the comparison group (95% CI 0.6-1.3 servings per day, Po0.0001) and this remained higher at follow-up (0.8 servings per day, 95% CI 0.5-1.1 servings per day, Po0.0001). There was no difference between groups for overall servings per day of dairy foods at week 12 or 24 (Table 1 ). In the intervention group, 86% of milk, 43% of yoghurt and 53% of cheese was reduced-fat at follow-up. At baseline, 58% of ice cream was regular-fat, with 36% of ice cream still regular-fat at follow-up. Figure 1 illustrates the changes in food group intake at week 24 by study group. After adjustment for family and child covariates, fruit intake was higher at 24 weeks in the intervention group than in the comparison group (0.5 servings per day 95% CI 0.02-0.9, P ¼ 0.040), but this was due to a reduction in servings of fruit in the comparison group compared with baseline (data not shown). No other significant differences were observed between study groups for food group servings (Table 1) . Table 2 shows the contribution of food groups to children's total energy and saturated fat intake. At baseline, the largest contributors to saturated fat intake were extra foods (32% and 34% for the intervention and comparison groups, respectively) and dairy foods (29% and 24% for the intervention and comparison groups, respectively). In the intervention group, the contribution of dairy foods was 11% and 10% of total saturated fat at week 12 and 24, respectively. At week 24, the contribution of total dairy to total saturated fat intake was significantly lower in the intervention group vs the comparison group. In the intervention group, the contribution of total core foods to saturated fat intake also decreased (that is, 45% at baseline vs 31% at week 24), driven by the reduction in saturated fat from dairy.
Extra foods (26% and 29% for the intervention and comparison groups, respectively), breads and cereals (22% and 23% for the intervention and comparison groups, respectively) and dairy foods (15% and 14% for the intervention and comparison groups, respectively) were the highest contributors to children's energy intake at baseline. There were no significant differences between groups for food group contribution to energy intake at either week 12 or week 24. In the intervention group, the contribution of dairy foods to total energy intake was 11% and 10% at week 12 and 24, respectively, and in the comparison group it was 11% and 12%, respectively. At follow-up, extra foods remained the largest contributor to children's total energy intake.
DISCUSSION
Changing one aspect of diet has the potential to result in compensatory changes in food choices to keep energy intake stable. However, in the present analysis increases were observed in the intended food group (that is, servings of reduced-fat dairy foods), without detecting any major effects on children's broader Core foods includes; fruit; vegetables; breads and cereals; meat and alternatives; dairy foods (includes regular-and reduced-fat milk, cheese, yoghurt, custard, but not dairy from mixed dishes). Extra foods are not essential to meet nutrient requirements and contain excess fat, added sugar and/or salt. 16 Modified core foods do not meet the definition of either a core or extra food. Refer to Materials and methods section for examples.
food intake. The change in contribution of dairy foods to total energy and saturated fat intake was also evaluated. Following the intervention, the contribution that dairy foods made to saturated fat, but not energy intake was reduced. At follow-up, 'extra foods' were the greatest contributor to children's total energy (28%) and saturated fat intake (40%) in the intervention group.
Apart from the intended increase in servings of reduced-fat dairy foods few significant differences in food intake were observed. For example, children in the intervention group did not increase their consumption of sugar sweetened beverages or reduce their overall consumption of dairy foods to a greater extent than the comparison group. However, wide CIs in food intake were observed suggesting variability in the children's response to the intervention. This is consistent with our previous findings for total energy intake.
In evaluating the change from regular-to reduced-fat varieties by type of dairy food, almost complete substitution of regular-for reduced-fat milk and yoghurt was observed. However, at follow-up an average 28% of cheese consumption and 36% of ice cream consumption were still regular-fat varieties. These findings suggest that parents and/or children found it easiest to change the type of milk they consumed. Anecdotally, parents reported limited availability of reduced-fat ice cream, particularly in the single serve (that is, on a stick) varieties, which may explain these findings. There may be scope for food innovation to ensure acceptable reduced-fat cheese and ice cream choices are available.
Few studies have described the change in types of foods consumed following interventions to change children's fat or dairy food intake. 1, 5 Dixon et al. 1 examined the types of foods children consumed following an intervention targeting a number of food groups to lower total fat intake. They found that children with the greatest reduction in total fat intake had significant decreases in intake of high-fat dairy foods, and tended to compensate for the energy deficit created by consuming more breads and cereals, and fruits and vegetables. The Etude Longitudinale Prospective Alimentation et Sante' intervention targeted a number of food items to improve nutritional intakes in children aged 7-9 years. 22 They found few changes in individual food intakes, but the cumulative effect of these changes led to children's reporting food intake more in line with recommendations.
The 26-31% contribution of dairy products to children's saturated fat intakes observed in this study is consistent with previous studies. 12, 23 By choosing reduced-or low-fat varieties, dairy foods were no longer a major contributor to children's saturated fat intake. 24 Results presented here highlight that other key sources of saturated fat in children's diets, such as energydense nutrient-poor 'extra' foods, should also be a focus for intervention to reduce children's saturated fat intake to within recommendations.
Food intake was characterized by an excess intake of energydense nutrient-poor foods and inadequate servings of core food groups including dairy foods, vegetables and whole grain breads and cereals. These patterns are consistent with contemporary dietary patterns of Australian children highlighting that there is significant room for improvement in children's diet quality. 25 The findings show that extra foods are the single-largest contributor to children's total energy (27%) and saturated fat intake (33%), followed by dairy foods (15% and 24% for energy and saturated fat, respectively). Promoting children to consume reduced-fat dairy foods did achieve meaningful reductions in the contribution of core foods to saturated fat intake but made little difference to total energy intake. Without a reduction in children's consumption of energy-dense nutrient-poor foods, recommendations for saturated fat intake and moderation of energy intake are unlikely to be achieved. Findings should be interpreted within the context of study strengths and weaknesses. The comparison group was designed to keep researcher and intervention contact between groups the same. Although the target behavior was a reduction in screen time, the advice given generally promoted other sedentary activities such as reading. However, the changes in food intake in the comparison group may have been influenced by the screen time intervention. Study retention was high but participants were not drawn from a random sample and educated parents were over represented compared with the Australian national population. Finally, despite random group allocation there were baseline differences in dietary intake but this was adjusted for the multivariable analyses.
CONCLUSION
A behavioral nutrition education intervention targeting a change to reduced-fat varieties of dairy foods was effective in changing children's dairy intake without significant effects on other food groups. Extra foods remained a key source of saturated fat in children's diets, highlighting that multiple changes in food intake are needed for children's to achieve saturated fat recommendations.
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